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Tooth bleaching using hydrogen peroxide is a complex process and there is still some controversy about the 
roles of ph, temperature, chemical and physical activators in the process of hydrogen peroxide decomposi-
tion.
 The purpose of this research is to study the influence of two physical factors – blue light (lED, 450 nm,750 
mW/cm ) and electric current (2mA) on the concentration and the decomposition rate of hydrogen peroxide 
in two tooth bleaching products: opalescence Boost, 40% hydrogen Peroxide (ultradent) and a “white gel” 
(20% hydrogen Peroxide) by a chemical method-classic iodometric titration.
The results for both products were analogical. Both blue light irradiation and electrical current increased 
the concentration and the oxidation potential of hydrogen peroxide in both tooth bleaching products in 
comparison to the gradual decrease of hydrogen peroxide concentration determined in the samples without 
physical activation. 
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INTRoDUCTIoN 
Vital tooth bleaching is an increasingly request-
ed dental treatment for improvement of patients̀  es-
thetic appearance (1).
Current tooth bleaching materials almost 
exclusively use peroxide compounds as the active 
ingredient, with carbamide peroxide and hydrogen 
peroxide being the most common. 
During In - Office tooth bleaching dentists ap-
ply the tooth bleaching material in relatively high 
concentrations (25%, 30%, 35%, 38%, 40% H2O2) for 
shorter periods after prior isolation and protection of 
the soft tissues. Typically hydrogen peroxide concen-
trations of in-office bleaching products range from 
25%-38% whereas at-home formulations contain 
3-7, 5% Hydrogen peroxide (11). In-office bleaching 
could be performed with or without any additional 
acceleration of the process, mostly by light, accord-
ing to manufacturer̀ s instructions - “Power bleach-
ing” (2,7,8,17).
During the last few decades various types of 
bleaching lights have been investigated for their po-
tential to increase the tooth bleaching effect of hy-
drogen peroxide and also for the associated side ef-
fects. Different light sources could be used for the 
purpose: LED, Plasma arc light, Metal halide lamp, 
Xenon-halogen light sources, Lasers.
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Typically, light sources designed specifically for 
tooth whitening are used as the adjunctive bleaching 
agent (17).
Tooth bleaching by using hydrogen peroxide is 
a complex process and there is still some controversy 
about the roles of pH, temperature, chemical activa-
tors and the use of light irradiation (2,6,10,12,20,21) 
and electric current. The results for the influence of 
light activation, reported in the dental literature are 
various - from very pronounced enhancement of the 
bleaching process to no significant effect (10).
The influence of electric current on the action 
of hydrogen peroxide as a tooth bleaching agent is 
still not very well explored. 
PURPoSE
The purpose of this research was to study the 
influence of two physical factors –blue light (450 nm) 
and electric current (2mA) on the concentration and 
the decomposition rate of Hydrogen peroxide, in-
cluded in two tooth bleaching products by a chem-
ical method - Classic iodometric titration. Changes 
in the concentration and activity of H2O2 in activat-
ed by light and electric current samples were com-
pared to the concentration of H2O2, determined in 
the non-activated samples of the bleaching products. 
The changes were tracked in time.
MATERIALS AND METHoDS
There are various methods for assaying hydro-
gen peroxide concentration: Iodometric titration, 
Spectrophotometry, Voltammetric detection, Fluo-
rescence, Chemiluminescence.
In the present study classic iodometric determi-
nation was used to study the influence of blue light 
irradiation (LED, Masterdent, 450 nm, 750 mW/
cm2) and electric current (Ionophorator, 2 mA) on 
the concentration alterations of Hydrogen Perox-
ide (H2O2), included in two tooth bleaching prod-
ucts: Opalescence Boost 40% H2O2 (Ultradent), Fig.1, 
and a “white gel” (20% H2O2), Fig. 2, developed by 
the team of R. Todorovska, Sl. Dimitrov and G. Tso-
lov(5). Both products content specific photosensitiz-
ers in order to absorb blue light.
The method of Classic iodometric determina-
tion, utilizing trituration of Sodium Thiosulfate is 
recommended by the United States Pharmacopeia 
(USP) for assaying the actual bleaching agent (perox-
ide) concentration of the products (13).
Both products analyzed were mixed at the 
point-of-use, immediately before the analysis. The 
bleaching products were placed into laboratory dish-
es and weighed on an analytical balance. Six groups 
of samples were formed as follows:
Group A: non –activated tooth bleaching prod-
uct: Opalescence Boost, 40% H2O2, (Ultradent). 
Group B: tooth bleaching product Opalescence 
Boost, 40% H2O2, (Ultradent) activated by blue light 
(LED, Masterdent, 450 nm, 750 mW/cm2).
Group C: tooth bleaching product Opalescence 
Boost, 40% H2O2, (Ultradent) activated by electric 
current (Ionophorator, 2mA).
Group D: non activated tooth bleaching 
product: “white gel” (20% H2O2).
Fig. 1. Opalescence Boost (Ultradent)
Fig. 2. “White gel”
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Group E: “white gel” (20% H2O2), activated by 
blue light (LED, Masterdent, 450 nm, 750mW/cm2).
Group F: “white gel” (20% H2O2), activated by 
electric current (Ionophorator, 2mA).
Each group was subjected to Iodometric deter-
mination of Hydrogen Peroxide concentration at the 
fifth, tenth, fifteenth; twentieth and thirtieth minute 
(for groups A, B, C) and at the fifth and the tenth 
minute (for groups D, E, F) in order to clarify the in-
fluence of light and electric current on the rate of Hy-
drogen Peroxide decomposition. The Iodometric de-
termination of Hydrogen Peroxide is based on the 
following reaction:
H2O2  +  2 H+  +  2 I-                   H2O   +  I2
The Iodine formed was determined titrimetri-
cally against Sodium Thiosulphate and it was a mea-
sure of the Hydrogen Peroxide content.
RESULTS
The results of the study are presented 
graphically:
Iodometric titration demonstrated a gradual 
decrease of Hydrogen peroxide concentration in 
the group without physical activation (group A). 
An initial increase of the oxidation potential and 
the concentration of hydrogen peroxide at the fifth 
minute was established in the samples, exposed 
to activation by physical factors (groups B, C, E 
and F), most prominent in the samples, exposed 
to electric current (group C) in comparison to the 
concentration of hydrogen peroxide in the samples, 
exposed to blue light (group B). This initial increase 
in hydrogen peroxide concentration was followed by 
a gradual decrease in groups B, C and D.
Iodometric determination of H2O2 in “White 
gel”-groups showed very slight changes in H2O2-
concentration (19,50%-21,36%). The activation 
by blue light and electric current (groups E and F) 
resulted in a slight increase, more prominent in the 
Fig. 3. Blue light activation of opalescence Boost, 
Ultradent
Fig. 4. iodometric determination of C (H2o2) in  
opalescence Boost 40%
Fig. 5. Iodometric determination of C (H2O2) in “White gel”
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samples, activated by blue light, which is probably 
due to the specific photosensitizer included.
DISCUSSIoN
Under standard conditions the reaction of 
H2O2 decomposition is an example of exothermic 
disproportiation, which leads to formation of water 
and molecular oxygen:
2 H2O2                   2 H2O   +  O2
This reaction is spontaneous at standard values 
of changes of free enthalpy ΔG0 = −119, 2 kJ/mol, 
enthalpy ΔH0 = − 98, 2 kJ/mol and entropy ΔS = 70, 
5 kJ/mol. 
The rate of decomposition depends on the 
temperature and concentration of the peroxide, as 
well as the pH, the presence of transition metals and 
their compounds (manganese gluconate; manganese 
chlorite; ferrous sulphate; ferrous chlorite) (16,18). 
In aqueous solution the molecule of H2O2 
exists in equilibrium with H + ions and HOO – ions 
according to the equation:
H2O2                   H+    +  HOO-
 Hydrogen peroxide also forms free radicals like 
hydroxyl and perhydroxyl radicals, and superoxide 
anions (4,9), reactive oxygen molecules that are 
unstable and transformed to oxygen and hydrogen 
peroxide anions (3,4). 
It was found that under specific reaction 
conditions as the action of light free radicals were 
formed in addition to O2 and H2O, according to the 
total chemical equation (19):
4 H2O2             3 H2O  +  O2  +  HO   +  HOO
H2O2                   H+    +  HO2
H2O2   +   HO2              HO2    +  HO    +  HO
H2O2   +   HO                      H2O    +  HO2
4 H2O2               3 H2O  +  O2   +  HO   +  HO2
H2O2   +   HO2                HO    +  H2O    +  O2
The free radicals were formed as follows (19):
In a basic solution, lower activation energy is re-
quired for the formation of free radicals from hydro-
gen peroxide, and the reaction rate is higher, result-
ing in an improved yield compared with an acidic en-
vironment (3,4). Rapid determination of pH by pH-
indicator showed that both analyzed tooth bleaching 
products after mixing were alkaline (pH 9-10).
The outcome of the bleaching procedure depends 
mainly on the concentration of the bleaching agent, 
the ability of the agent to reach the chromophore mole-
cules, and the duration and number of times the agent 
is in contact with chromophore molecules (4).
The increase of H2O2-concentration in the sam-
ples with light activation was probably due to a pho-
tochemical reaction, based on the specific photosen-
sitizers included in both tooth bleaching products, 
which absorb the photons and transfers their ener-
gy to the hydrogen peroxide, resulting in its cleavage. 
 A photochemical process can be involved in ac-
celerating the decomposition of peroxide when cer-
tain catalytic photosensitizers are incorporated into 
the bleaching formula and a source of light energy 
with specific spectral emission is used. The photo-
sensitizing substance, included in Opalescence Boost 
is Carotene. Carotenoids, due to their orange-red co-
lour are sensible and absorbed primarily at wave-
lengths 400-500nm (blue light). Carotenoids have 
been used as a bleaching agent activator-booster that 
also serves as a red-orange colorant (2,15).
The role of electric current as an accelerator of 
H2O2-decomposition is not fully investigated. Its ac-
tion is based on the ionophoresis with peroxide. The 
ionization of H2O2 may produce hydroxyl ions (OH
-
), perhydroxyl ions (HOO-), hydrogen ions (H+), wa-
ter (H2O) and oxygen ions (O
-). Nguyen et al. (14), 
inventors of a patented tooth bleaching device have 
suggested that ionophoresis of Hydrogen peroxide 
has the possibility for recycling and regeneration of 
the resulting ions or free radicals. By recycling of 
the free radicals the bleaching process could become 
faster; could require less amount of bleaching agent 
and could not require renewing or reapplying of ad-
ditional amount of the bleaching agent:
2 H2O2                   2 H2O   +  O2
H2O2                   H+    +  HOO-
H2O2  + 2e-                HO-  +  HO-
H2O2  + e-                H2O-  +  O-
Scripta Scientifica Medica, vol. 45, suppl. 5, 2013, pp. 41-46
Copyright © Medical University of Varna   45
Silviya Stankova, Rumyana Cherkezova, Temenuga Trifonova et al.
The highest concentration of H2O2, determined 
in the samples with electric activation was probably 
due to the electrochemical reactions of re-synthesis 
of H2O2, occurring at the cathode. The ionophore-
sis is regenerative in that the peroxide and water are 
regenerated continuously during the bleaching pro-
cess. The regenerative ionophoreis occurs as follows:
2 H2O  + 2e-                 2 HO-  +  H2
O2  +  2 H+  + 2 e-                H2O2
O2  +  2 H2O  + 2 e-               H2O2 +  2 HO-
2 H2O2  + 2e-                 2 H2O  +  O2
CoNCLUSIoNS
Iodometric titration could enable the opportu-
nity to evaluate the effect of physical factors (electric 
current and blue light) on the concentration and the 
decomposition rate of hydrogen peroxide, contained 
in tooth bleaching products.
In the described study both blue light irradi-
ation and electrical current increased the concen-
tration and the oxidation potential of H2O2 in both 
tooth bleaching products, most prominently at the 
fifth minute.
Electric current could be used for activation of 
the bleaching process because the alleged re-synthe-
sis of H2O2, occurring at the cathode could make the 
bleaching process faster and more efficient, achiev-
ing the desired effect with the use of tooth bleach-
ing product with lower H2O2-concentration and 
less amount of the product without the need of 
reapplying.
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